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[57] ~  ABSTRACT

A linear indexing machine comprising a continuously
driven conveyor for conveying a plurality of pallets to
and from a plurality of index stations to allow work
functions to be performed on work pieces carried by
the pallets. At each station, the pallets are detached
from the conveyor while at conveyor speed; deceler-
ated; stopped for a predetermined time interval to
allow a work function to be performed on their work
pieces; accelerated to conveyor speeds; and then at-
tached to the conveyor for conveyance to the next sta-
tion. An index cam follower is carried by each pallet
and an index cam, driven in synchronism with the con-
veyor, is disposed at each station for co-acting with

- the cam followers of the pallets to decelerate, stop,

and accelerate the pallets.

6 Claims, 12 Drawing Figures




U.S. Patent Jan. 27, 1976 Sheet 1 of 5 3,934,701

15}

/27




U.S. Patent 7an. 27, 1976 Sheet 2 of 5 3.934.701

A

85
A
/

29

: -\’i G .s.ﬁ%"
1\\“1\,’\




3,934,701

Jan. 27, 1976 ~ Sheet 3 of 5

U.S. Patent




13,934,701

Jan. 27,1976 Sheet4 of 5

U.S. Patent

e gy 4P

NINAANRNRRS\NNSNN AN

il

NS

- T o L B i
A
T
™ -
™ _ o i} -
. = RRETINE =
o q . . _..1._..-..
- HOC "
L —-— [lrl.-‘ ! b gk I. -~ ._ -
._II .ll.-ll . "ll . r -..m—. .-... a g —..‘. .—_ .
! L —_._.. np._..._.uwu NI o L B -
] -n—......— = .l...-I-_
— -

NE ANANNNNNAN

4
-1
E
: : " @
' ] " g —_ ' __- '
. vn.. ". ' .m L
. o — Ll Lt ot])
J— -ﬂ| .. - 1 .-“-... ...“ . gl . - ; ._..-....-—....-. . . -.-.—...rm
[N r *t . ." i - = H ’ - N N \
- . HINPREEETT 1k . “ ! ” & 4. Lt : \
- L YT b - = —_ — - T s FH y ey LLL -
-. [ | ] "y




U.S. Patent Jan. 27,1976  Sheet 5 of 5 3,934,701

Fror // - _ /C”
7. ‘ O
787 5 /67‘“"’”] 350
290°
57
50°
OQ

| [
795 7893 /95 E:q 70



3,934,701

1 | |
LINEAR INDEXING MACHINE

BACKGROUND OF THE INVENTION

This invention relates to a pallet-type, multi-station
indexing machine and more particularly to such a ma-
chine wherein the pallets are conveyed by a continu-
ously driven endless conveyor to the stations, detached
from the conveyor for a predetermined time interval to
allow work functions to be performed on work pieces
carried by the pallets, and then attached to the con-
veyor for conveyance to the next station.

In the conventional pallet-type, multi-station index-

g machine, a plurality of pallets are fixedly attached
to an endless chain or flexible metallic belt which is
indexed or intermittently driven a predetermined index
distance to sequentially convey the pallets to each work
station to allow work functions to be performed on the
work pieces carried by the pallets. Although such ma-
chines are in use in the industry, they have disadvan-
tages. For example, all of the pallets must be started

and stopped at the same time which results in inertia

problems. In addition, any inaccuracy in pallet location
is cummulative since the accuracy of location of a
pallet along the chassis or frame i1s determined by the
cummulative error in the links of the chain or the links
of the metallic belt from the drive sprocket to the loca-

tion of the pallet. In the case of the pallet near the end
of the machine where the idler sprocket is located, the
error may be considerable. Moreover, a force exerted

in any station tending to displace a pallet is transmitted
to the chain or the belt and has a tendency to displace
all of the pallets. Furthermore, the conventional ma-
chines require the work stations to be located at one of
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the points where the pallets come to rest and in addi- 3

tion, require indexing between stations or a large num-
ber of pallets, which increases the cost of the machine.

Indexing machines have been proposed wherein a
continuously driven endless conveyor 1s employed for
conveying the pallets which are detached. from the
conveyor at each station to allow a work function to be
performed on its work piece and then attached to the

conveyor for conveyance to the next station. The pro-

posed machines of this type known to the mventor,
however, have not proved to be satisfactory.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
effective and unique pallet-type multi-station indexing
machine wherein the pallets are conveyed by a continu-
ously driven endless conveyor to the stations, detached
from the conveyor, decelerated to a stop position for a
predetermined time interval to allow work-functions to
be performed on the work pieces carried by the pallets,
and then accelerated and attached to the conveyor for
conveyance to the next station. -

[t 1s a further object of the present invention to pro-
vide such a machine which includes an indexing cam at
each station driven in synchronism with the conveyor
for coacting with a cam follower on each of the pallets
for decelerating the pallets to a stop postion after they
have been detached from the conveyor at conveyor
speed, holding the pallets for a predetermined time
interval, and thereafter accelerating the pallets to con-
veyor speed for attachment to the conveyor.

In a further aspect, the linear indexing machine com-
prises a plurality of pallets each of which is adapted for
carrying a work piece; conveyor means for conveying
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said pallets to and from a plurality of index stations; an
index cam follower carried by each said pallet; an index
cam disposed at each index station and having a cam
surface means for co-action with said index cam follow-
ers; and means for driving said index cams in synchro-
nism with said. conveyor means. In addition, there 1s
provided means for detaching said pallets from said
conveyor means as said pallets approach each index
station, with said index cam surface means co-acting
with said cam followers to decelerate said pallets to
stop at said index stations, to hold said pallets at said
index stations for a predetermined time interval, and to
thereafter accelerate said pallets to conveyor speeds
and means for thereafter attaching said pallets to sald
conveyor means. - -

In the embodiment disclosed, sald conveyor ‘means.
comprises an endless conveyor means supported for
movement along a linear path of a predetermined dis-
tance with the index stations being located at spaced
positions -along said linear path. Each index cam com-
prises a cylindrical member supported for rotation at 1ts
associated station near said conveyor means and lo-
cated such that its axis of rotation is parallel to the path
of travel of said conveyor means at its associated sta-
tion. The cam surface means comprises a slot formed 1n
the cylindrical surface of the cylindrical member for
receiving the cam followers carried by each pallet.
Each slot extends continuously from one end of the
cylindrical member to the other and comprises, n se-
rial order, a helical entry portion, a deceleration por-
tion, a dwell portion which extends a predetermined
number of degrees around the cylindrical member in a
plane perpendicular to the axis of the cylindrical mem-
ber, an accleration portion, and a helical exit portion
having the same pitch as that of the helical entry por-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspectwe side-view of the linear index-
ing machine of the present invention; |

FIG. 2 is a perspective view of the other: side of the_
machine of FIG. 1, with th:e mdchme bemg shown in
broken form; |

FIG. 3 is a view of one of the statlons of the indexing
machine of the present invention, showing an indexing
cam with a pallet approaching the cam and the station;

FIG. 4 is a view of the station and index cam of FIG.
3, with a pallet in the work station and with 1ts cam
follower in the cam track, or slot, of the index cam;

FIG. S1s a perspectwe view of the bottom of one of
the pallets used in the indexing machme of the present
invention; | |

FIG. 6 is a view of one of the statlons 1llustratmg a
pallet guide channel and a latch cam for detaching a
pallet from the conveyor chain and for allowing the
pallet to be attached to the chain as it leaves the sta-
tion;

FIG. 7 lllustrates the cham latch of one of the pallets
shown latched or connected to the conveyor chain;

~ FIG. 8 illustrates the chain latch of the pallet of FIG |
7 raised by the chain latch cam to a detaching position;

FIG. 9 illustrates the pallet latch attached to the
conveyor chain after the pallet has pas:,ed the chain
latch cam and, hence, the index station;

FIG. 10 is a side-view of one of the index cams an
which also shows a shot pin and its lever employed at
the station for holding a pallet after its cam follower
reaches the dwell position of the index cam;
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FIG. 11 1s an end-view of a portion of FIG. 10, itlus-

trating the end of the index cam, the shot pin and its
~ associated lever, and a shot pin cam formed on the end
of the index cam of FIG. 10; and |
FIG. 12 is a view of the cam track, or slot, of the
index cam of FIG. 10, shown in unfolded form.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to FIGS. 1 and 2, the linear indexing
machine of the present invention is identified at 21. It
1s an over and under type and comprises an elongated
frame or chassis 23, supported by legs 25. Rotatably
supported at opposite ends of the frame are a drive
sprocket 27 and an 1dler sprocket 29, around which is
continually driven an endless conveyor chain 31. Sup-
ported at the top of the frame 23 at spaced apart posi-
tions along the linear path of travel of the conveyor
chain 31, are a plurality of work stations 41A - 41K. A
plurality of pallets or carriages 43 are detachably se-
cured to the conveyor chain 31 for carrying work
pieces for sequential conveyance to each of the stations
to allow different types of work operations or functions
automatically to be performed on the work pieces.

The pallets are illustrated in more detail in FIGS. 3, 4
and 5. Each pallet has a latch 45 supported at its bot-
tom side for detachably securing the pallet to the con-
veyor chain. Located at each station is a pallet detach-
ing device or cam 47, illustrated in FIGS. 6, 8 and 9 and
a rotating cylindrical index cam 49, illustrated in FIGS.
3,4, 10 and 11. All of the index cams 49 are driven In
synchronism with the drive sprocket 27 and hence,
with the linear speed of travel of the conveyor chain 31.
Each of the devices 47 detaches a pallet from the con-
veyor chain at conveyor speed as the pallet approaches
its station and the index cam 49 decelerates and stops
and holds the pallet at 1ts station for a predetermined
time interval to allow a work function to be performed
on the work piece carried by the pallet. At the termina-
tion of the holding period, the index cam 49 accelerates
the pallet to conveyor speed at which time, the device
47 allows the pallet to be attached to the conveyor
chain for conveyance to the next station. The index
cam 49 has a slot or track 51 for co-acting with a cam
follower 83 carried by the pallet to perform the pallet
deceleration, holding, and acceleration function. The
index cam slot 51 is illustrated in detail in FIGS. 10 and
11.

The machinery and equipment at the work stations
for performing the work functions on the work pieces
carried by the pallets are not illustrated for purposes of
clarity. Neither i1s their drive system. The system for
driving the drive sprocket 27 and hence the conveyor
chain 31 and the index cams 49 comprise a drive motor
55 which drives a speed reducer §7 by way of a belt §9.
As illustrated, the motor 55 and speed reducer S7 are
supported on a table 61 having one end connected to
the frame 23 and its other end supported by legs 63.
The speed reducer 57 drives an elongated shaft 65 by
way of a chain 67 and sprocket 69, the latter of which
1s connected to the shaft 65. The shaft 65 is supported
for rotation by plates such as 71 and 73 connected to
the frame 23. At the drive sprocket end of the frame
23, the shaft 65 drives a miter gear box 78 which in turn
drives or rotates the drive sprocket 27 for moving the
conveyor chain 31. The miter gear box 75 1s driven by
way of a drive chain 77 coupled around a sprocket 79
connected to the end of the shatt 65 and a sprocket 81
connected to the gear box 75. The drive and idler
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sprockets 27 and 29 are supported for rotation by a
bearing assembly supported by plates 83 and 85 con-
nected to the frame 23.

The shaft 65 also drives each of the cylindrical index
cams 49 in synchronism with the linear speed of the
conveyor chain 31. As illustrated in FIGS. 3, 4 and 10,
each index cam 49 is rotatably supported by a shatt 87
which in turn is supported by plates 89 and 91 secured
to a base 93 which in turn is secured to the top of the
frame 23 at each station near and to one side of the
conveyor chain 31. Each index cam 49 is located near
and to one side of the conveyor chain 31 with its axis of
rotation parallel to the linear path of travel of the con--
veyor chain 31 at its station. Secured to one end of
each of the index cams 49 around its shaft 87 1s a
sprocket 95. A sprocket 97 (see FIG. 2) 1s connected to
the shaft 65 in line with each of the cam sprockets 95
and a drive chain 99 is coupled around the cam
sprocket and the associated sprocket of the shaft 65.
Thus, when the shaft 65 1s rotated, 1t drives the drive
sprocket 27 and hence the conveyor chain 31 and at
the same time drives all of the index cams 49, by way of
their chains 99 and sprockets 95, in synchronism with
the rotation of the drive sprocket 27 and hence, in
synchronism with the linear speed of travel of the con-
veyor chain 31. | |

As illustrated 1in FIG. 8§, each of the pallets 43 has a
pair of spool shaped guide wheels 101 rotatably se-
cured on one side and a pair of plain cylindrical wheels
103 rotatably secured on its other side. These wheels
rotate on and between two pairs of rails 105, 107 and
109, 111, supported on opposite sides of the conveyor
chain 31 for supporting the pallets as they are driven by
the conveyor chain and while at the work stations. As
seen 1n FIGS. 3 and 4, rails 105, 109 and 111 are rect-
angular or square In cross-section while rail 107 is
octagonal in cross-section, although it could be hexago-
nal in cross-section. Wheels 101 rotate on the octago-
nal rail 107 which provides contact across the cylindri-
cal portion of the wheels and on the sloping sides of
their rims to maintain the wheels 101 and hence the

- pallet 43 1in alignment between the indexing or work
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stations. The top rail 105 maintains contact with the
cylindrical portion of the wheels 101 to prevent them
from raising. Both of rails 109 and 111 maintain
contact with the cylindrical surfaces of the wheels 103.
In FIG. 6, the rail 105, above rail 107, 1s shown octago-
nal in cross-section, however, it is to be understood that
it may be rectangular in cross-section as shown in

FIGS. 3 and 4.

‘The rails 105, 107 and 109, 111 extend in a linear
path from one end of the frame 23 to the other at the
top where the work stations are located; curve around
the end of the frame; continue along the bottom; and
then curve around the other end of the frame to form
two pairs of continuous rails for supporting and guiding
the pallets over and under the frame as the pallets are
conveyed from the beginning work station to the last
work station at the top of the frame, around the end
and under the frame and then around the other end,
back to the beginning work station. At the top of the
frame 23, rail 109 is supported by members 113 and
115 connected to plates 89 and 91 while rail 105 is
supported by members 117 and 119 connected to
plates 89 and 91. Both of rails 107 and 111 are sup-
ported directly by the plates 89 and 91. At the ends of
the frame, the rails 105, 107 and 109, 111 are sup-
ported by members 121 and 123 connected to the
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frame structure 83 and 85. At the bottom of the frame,
the rails are supported by members 125 connected to
the frame 23. |

The pallets 43 have threaded aperatures 127 formed
in their top sides for mounting work pieces to the pal-
lets. Thus, the pallets, in effect, are chucks for holding
the work pieces which are mounted above the pallets
for conveyance to the different stations located on the
top side of the frame 23. As illustrated in FIGS. 1, 3 and
4, the pallets move from left to right. At the first work
station 41A, as seen in FIG. I, the work pieces are
mounted to the pallets and removed from the pallets at
the last work station 41K. Work functions are per-
formed on the work pieces at the intermediate stations
41B - 41). In addition, work functions may be per-
formed on the work pieces at the first and last stations
41A and 41K.

In FIGS. 3 - 5, the forward end of a pallet 1s identitied
at 131 and the rear end is identified at 133. The con-
veyor chain latch 45 and the index cam follower 33 are
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coupled to the bottom side of the pallet, as well as two

pallet guide cam followers 1385, the latter of which are
employed to accurately align and guide the pallet while
at a work station. The conveyor chain latch 45 has its
rear end pivotally connected in a slot 137 of an L-
shaped member 139 which in turn is connected to the
bottom, rear end of the pallet 43. The pivotal connec-
tion between the latch 45 and the member 139 1s by
way of a pivot pin 141. The latch 45 can pivot down-
ward and upward in the slot 137 relative to its pivot
point 141. This is illustrated in FIGS. 7 ~ 9. A compres-
sion spring 143 is located in the slot 137 of member
139 and is supported in an aperature (not shown)
formed in the bottom side of the pallet for normally
biasing the free end of the latch 45 downward as illus-
trated in FIGS. 5, 7 and 9. The bottom end of the spring
is not connected to the latch 45 but engages its top side.

Extending downward from the bottom end of the
latch 45 are two spaced tabs or dogs 145 and 147 for
attaching the latch 45 and hence the pallet 43 to the
conveyor chain. As illustrated in FIGS. 7 - 9, the con-
veyor chain comprises links 31A and 31B with rectan-
gular shaped attachments 149 (see also FIG. 6) secured
to the top of alternate links 31A. The dogs 145 and 147
are spaced apart sufficient to straddle an attachment
149, as illustrated in FIG. 9 or to be located between
adjacent attachments, as illustrated in FIG. 7 when the
free end of the latch 45 is biased downward by the
spring 143. In either position, the latch 45 and hence
the pallet 43 is attached to the conveyor chain 31 such
that the pallet 43 will move with the conveyor chain
with its wheels supported and guided by the rails. When
a pallet is on the underside of the frame 23 and is up-
side down, the spring 143 will bias the free end of the
latch 45 upward to maintain it latched to the conveyor
chain.

As illustrated in FIG. 6, a pallet guide member 151
having a guide channel 153 extends from the conveyor
chain side of the rectangular bottom rail 111 at each
station for receiving the pallet guide cam followers 135
to accurately align and guide the pallets at each work
station. In FIG. 6, the direction of travel of the chain is

from right to left. At the entry end of the station, the

channel 153 is flared at 155 to facilitate proper entry of

the pallet guide cam followers 135. Each of the cam
followers 53 and 135 comprise cylindrical bearings

which rotate around a rod attached to the bottom of

the pallet. The pallet guide channels are located only at

25
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the work stations for accurate alignment of the pallets
at the stations. Between the work station, where accu-
rate alignment of the pallets is not required, at the
curved corners and at the bottom of the machine, the
pallets are guided by their two spool shaped wheels as
described above. With this arrangement, there 1s

avoided the necessity of continuing the guide channels
the full length of the machine, around the corners and
at the bottom, which also reduces wear of the cam
followers 135,

As a pallet approaches a station and after its gu:dlng
cam followers 135 enter the guide channel 153 for
proper alignment, its index cam follower 33 enters the
index cam track or slot 51, formed in the cylindrical
surface of the index cam. As shown in FIG. 10, the
index cam slot 51 extends continuously from the lead-
ing edge 157 of the index cam 49 to its trailing edge
159. The leading edge is defined as the edge which the
pallet first approaches and the trailing edge is defined
as the edge which the pallet leaves last, after leavmg a
station. Refering to FIG. 12, the slot 51 comprises an
entry portion 51A, a dwell portion 518, and an exit
portion 51C. In FIG. 12, the vertical axis represents
degrees while the horizontal axis represents the axial
length of the index cam which in one embodiment is 4
inches. The entry portion may be divided into a con-
stant velocity entry portion and a deceleration portion
while the exit portion may be divided into an accelera-

- tion portion and a constant velomty exit portion. In

30

35

40

43

50

35

60

635

FIG. 12, on the horizontal axis, the constant velocity
entry portion extends between § and 1; the decelera-
tion portion extends between 1 and 2; the acceleration
portion extends between 2 and 3; and the constant
velocity exit portion extends between 3 and 4.

The index cam follower 53 extends from the front
bottom end of a bar 161 connected to the side of the
pallet 43 at a position such that it is located outward of
the wheels 103. Connection is by way of hex bolts,
illustrated at 162, in FIG. 4 whereby the bar 161 is in
effect a part of the pallet 43 and travels with the pallet.
When the pallet is on the rails, its index cam follower
53 is located on the outside of rails 109 and 111 and
extends below the top surface of bottom rail 111. The
index cam 49 also is located on the outward side of rails
109 and 111 at a level and at a position such that the
cam follower 53 can enter the entry portion of the slot
51 as the index cam 49 rotates. In FIG. 3, the direction
of rotation of the index cam 49 is tllustrated by the
arrow 163. As'shown in FIG. 19, the top of the index
cam 49 will turn toward the reader while the bottom
will turn away from the reader. The index cams 49 are
driven in synchronism with the conveycr chain 31, as
indicated above,-such that when the cam follower 53 of
a pallet 43 approaches the leading edge of an index
cam, the entry portion of the slot 51 will be at a posi-
tion to allow the cam follower to enter the slot.

The entry portion of the index cam slot 51 between 0
and 1, as seen in FIG. 12, s helical in form. Since the
index cam 49 is turning at a constant rpm, the cam
follower 53, when in the helical entry portion, will be
displaced linearly from lett to right, as seen in FIGS. 10
and 12, at a constant linear velocity. The pitch of the
helix is such that the cam follower and hence the pallet
will move linearly from left to right (as seen 1n FIGS. 10
and 12) in the helical entry portion at the same linear

‘velocity as the conveyor chain 31. Hence, when the

cam follower is in the helical entry portion of the index
cam slot §1, the pallet 1s moving at the same linear
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velocity as the conveyor chain. During the travel of the
cam follower in the helical entry portion of the index

cam slot, the pallet latch 45 is lifted off of the conveyor
chain whereby the pallet is detached from the conveyor
chain while traveling at the same linear speed as the
conveyor chain. This will be described subsequently.
As shown 1n FIG. 12, the deceleration portion of the
slot between 1 and 2 is not helical but progresses from

helical form to circular form. Thus, when the cam fol-
lower is in the deceleration portion, after the pallet has
been detached from the conveyor chain, the linear

velocity of the cam follower and hence of the pallet
from left to right as seen in FIGS. 3, 4, 10 and 12 is
decelerated. The dwell portion of the index cam slot
extends around the circumference of the index cam in

a plane perpendicular to its axis for a certain number of

degrees. When the cam follower is in this portion of the
slot, there 1s no linear displacement of the cam follower
and hence of the pallet. It is during this period that a
work function is performed on a work piece carried by
the pallet. A shot pin assembly is provided for holding
the pallet 1n a stable position during this time interval to
allow the work function to be effectively performed on
the work piece.

As seen in FIG. 12, the acceleration portion of the
slot between 2 and 3 progresses from circular form to
helical form. Thus, when the cam follower is in this
portion of the slot, the linear speed of the cam follower
and hence of the pallet, from left to right, as seen in
FIG. 12, is accelerated toward conveyor speed. The
constant velocity exit portion of the slot between 4 and
3 also 1s helical with the same pitch as that of the helical
entry portion. Thus, when the cam follower is in the
helical exit portion of the slot, the linear speed of the
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cam follower and hence of the pallet is equal to that of 35

the conveyor chain. During the travel of the cam fol-
lower 1n this portion of the slot, the pallet latch 45 and
hence the pallet 43 is attached to the conveyor chain.

In one embodiment, the entry portion 51A of the
index cam slot extends angularly around the cam about
50°% the dwell portion S1B extends angularly around

the cam for about 240° and the exit portion 51C ex-
tends angularly around the cam about 60°. The width of
the entry portion of the slot is wider than the cam fol-
lower by about 0.075 of an inch which permits a slight
error 1n the timing of the conveyor chain and the index
cam without causing binding between the cam follower
and the cam slot. In addition, the exit portion flares
outward at 51C’ on one edge to an exit funnel shaped
to releive any binding that may occur in the event of an
error in timing between the index cam and conveyor
chain.

Referring again to FIGS. 5§ and 6, there will be de-
scribed the mechanism for detaching a pallet from the
conveyor chain when its cam follower 1s in the helical
entry portion of the index cam slot and for attaching
the pallet to the conveyor chain when its cam follower
1s 1n the helical exit portion of the index cam slot. This
mechanism comprises the cam member 47 which is
secured to a base 165 at each station to one side of the
conveyor chain 31 between the longitudinal ends of the
pallets guide member 151. The cam member 47 has a
ramped shaped leading edge 47A, a flat top edge 47B
and a ramped shaped trailing edge 47C. These edges
form a camming surface which coacts with the bottom
of a cam follower 167 formed on one side of the latch
45 about midway between the dogs 145 and 147. As
shown in FIG. §, the bottom of the cam follower 167 is
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trough shaped with a flat center portion 167B and
leading and trailing edges 167A and 167C, respec-
tively. | |

- Re{”erring to FIGS. 7 - 9, the manner in which the
cam member 47 and cam follower 167 coact to detach
and attach the pallet from and to the conveyor chain
will be described. In FIGS. 7 - 9, the path of travel of

the conveyor chain and hence of the pallet is from right
to left. In FIG. 7, the dogs 145 and 147 of the latch 45

are shown latched between the attachments 149 of
alternate chain links 31A. In this figure, the pallet is

approaching a work station (not shown). As the pallet
approaches the cam member 47, the leading slanting
edge 167A of the cam follower 167 will ride up the
leading ramped shaped edge 47A of member 47 to
raise and detach the latch and hence the pallet from the
conveyor chain. This occurs during the time that the
cam follower 83 1s in the helical entry portion of the
index cam slot 51. As the index cam follower moves
from the deceleration portion of the slot to the dwell
portion and then to the acceleration portion, the flat
bottom portion 167B of the cam follower 167 rides on
the upper tlat surface 47B of the cam member 47 to
maintain the latched dogs above and out of contact
with the conveyor chain to maintain the pallet de-
tached from the conveyor chain during this period. As
the index cam follower enters the helical exit portion of
the index cam slot, the trailing slanting edge 167C of
the cam follower 167 rides down the trailing ramped
edge 47C of the cam member 47 to allow the latch and
hence the pallet to become attached to the conveyor
chain again. |

Although-the dogs 145 and 147 of the latch 45 are
shown in FIGS. 7 -9 as being initially attached between
the attachments 149 of alternate chain links 31A and
then attached to the chain 31 by straddling the attach-
ment 149 of one of the chain links 31A, it is to be
understood that the dogs of a given latch will always
drop down for attachment to the conveyor chain in the
same manner in order to maintain the proper position
and hence timing. For example, if the dogs 145 and 147
are to straddle an attachment 149, they will do so each
time they are reattached to the conveyor chain at each
station following detachment.

Referring again to FIG. 3, there is illustrated a fric-
tion brake 169 for applying a retarding force to the
pallets to insure that they are latched in the proper
position to the conveyor chain when leaving the index
cam. The index cam is so dimensioned that a pallet is
moved by the exit portion of the index cam slot to a
position slightly ahead of the proper position on the
conveyor chain. During the terminal part of the exit
portion of the index cam slot, where the funnel portion
31C" 1s located, a retarding force is applied to the pallet
by the friction brake 169 to retard its movement so that
its latch will drop at the droper position on the con-
veyor chain. The friction brake, illustrated. comprises a
spring arm 171 having one end connected to rail 109 by
a connector 173 and a friction pad member 175 con-
nected to the under side of the other end of the spring

arm for engaging a pallet when it reaches the sponge

rubber member 175 for applying the retarding force.
‘As indicated above, a shot pin assembly is employed
for holding the pallet in a steady stable position at each
station during the dwell period to allow the work func-
tions to be performed on the work pieces. Referring to
F1GS. 3, 4, 10 and 11, the shot piece assembly com-
prises a bar 181 moveably supported by a lever 183 and
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having a round pin 185 and a diamond pin 187 adapted

to fit into an aperature 189 and a slot 191 respectively
formed in the outward facing side of the pallet bar 161.
Shortly after the pallet enters the dwell period, the bar
181 moves toward the pallet to insert its pins 185 and >
187 into the hole and slot 189 and 191, respectively, to
prevent the pallet from moving. Shortly before the end

of the dwell perlod the bar 181 is moved away from the
pallet to pull its pins out of the pallet to allow the pallet

to move. The shot pin bar 181 is held in the retracted 10
position until the next pallet is in the station.

As shown in FIGS. 10 and 11, the shot pin lever 183
is located in front of the leading end of the index cam
49. Its lower end is pivotally coupled to the base 93 by
way of a pivot pin 193 supported in members 195 13
which are secured to the top of the base 93. The bar
181 is connected to the free end of the lever 183. With
this arrangement, the free end of the lever and hence
the bar 181 may be moved to the left, as shown in FIG.
11, to a holding position to insert its pins in the pallet, 20
and to the right to a retracted position to remove its
pins from the pallet. The lever is moved to its holding
and retracting positions by a cam 201 attached to the
leading end of index cam 49. As seen 1n FIG. 11, the
cam 201 comprises a circular holding surface 201A 23
and a circular retracting surface 201B. The radius of
curvature of surface 201B is greater than that of 201A.
Normally, the bar 181 is biased toward the rails 109
and 111 (teward the left, as seen in FIG. 11) by two
compression springs 203 supported in aperatures 205 30
formed in support bar 207. The other ends of the
springs 203 are supported in aperatures 209 formed in
the back side of the shot pin bar 181. Attached to the
lever 183 is a cam follower 202 which is adapted to

engage the cam surfaces 201A and 201B. As the shot 35

pin cam 201 is rotated clockwise, as seen in FIG. 11,
the holding surface 201A of cam 201 is turned for
engagement with the cam follower 202 to allow the
springs 203 to bias the bar 181 to the left to insert its
pins into the pallet. As the cam 201 continues to rotate 4V
clockwise, the retracting surface 201B is presented for
engagement with the cam follower 202. Since this sur-
face has a larger radius, the lever 183 and hence the bar
181 is moved to the right to pull the shot pins 185 and
187 out of the pallet. 43
In order to insure that the pallets arrive at the work
stations at the proper time, a safety timing system 1s
provided. This system comprises timing cams 211 (see
FIG. 2) driven in synchronism with the shaft 65 and a
limit switch 213 having a lever 215 tripped by the pallet 59
bars 161 as they approach the station. A pair of timing
cams are provided for each station, each of which con-
trols a separate timing switch associated with the sta-
tions. Each limit switch normally is closed and each
timing switch is closed during certain time intervals >
defined as ‘‘Safe” or ‘“Gate’ times and is opened at
other time intervals. If a given limit switch is opened by
a pallet during any time other than the “Safe” or
“Gate” time of its associated timing switch, the con-

veyor chain 31 is stopped. Thus, if a pallet arrives at the 60

limit switch 213 location either too early or too late,
the limit switch will be opened at a time not within the
gate time of the timing switch which will result in the
circuit being interrupted to stop the conveyor chain.
In one embodiment, the indexing machine of the 65

present invention has 21 work stations, although only
11 stations are shown, and 49 pallets. Since the pallets
are not fixedly attached to the conveyor, it may be

10

driven continuously and the work stations may be lo-
cated at staggered positions so that no two pallets are
accelerated or decelerated at the same time. thereby
eliminating the inertia problem present in the prior art
devices. Moreover, the problem of accuracy of the
pallet location on the conveyor, due to cummulative
error, does not exist with the present system. Accuracy

is determined by the station location which is mdepen-
dent of the conveyor system. In addition, since the
location of the stations are not tied to spec1ﬁc intervals
as required by the prior art, the location of the stations

~may be tailored to the particular work station require-

ments. Further, the present system permits a low ratio
of pallet indexing time to dwell time, thus, contributing
significantly toward maximum productlon for the ma-
chme. - |

Although the present machme was dlsclosed as hav-
Ing a conveyor chain and as being of the over and under
type, it is to be understood that the principles of the
present invention may be employed on machines hav-
ing an endless belt rather than an endless conveyor
chain and which are of the around the corner type

rather than the over and under type.

What is claimed 1s:

1. A linear indexing machine comprlsmg

a. a plurallty of pallets each of Wthh is adapted fer

- carrying a work piece;

~ b. conveyor means for conveying said pallets to and
from a plurality of index stations;

c. an index cam follower carried by each said pallet;

‘d. an index cam disposed at each index station;

e. means for driving said index cams in synchronism
with said conveyor means;

f. each said index cam having a cam surface means

for coaction with said index cam follower;

g. means for detaching a said pallet from said con-
veyor means as said pallet approaches each index
station, with said index cam surface means coact-
ing with said cam follower to decelerate said pallet
to stop at said index station, to hold said pallet at
said index station for a predetermined time interval
and to thereafter accelerate said pallet to conveyor
speed, and means for thereafter attaching said pal-
let to said conveyor means.

2. A linear indexing machine comprtsmg

a. a plurality of pallets each of which 1s adapted for
carrying a work piece; |

b. conveyor means for conveying said pallets to and
from a plurality of index stations;

c. an index cam follower carried by each said pallet

d. an index cam disposed at each index station;

e. means for driving said index cams in synchronism
with said conveyor means;

f. each said index cam having a cam surface means
for coaction with said index cam follower, said cam
surface means having 1n serial order from the entry
end an entry portion, a deceleration portion, a
dwell portion, an acceleration portion, and an exit
portion;

g. means for detaching a said pallet from said con-
veyor means while said cam follower is coacting
with the entry portion of said cam surface means
and attaching the said pallet to said conveyor
means while said cam follower 1s coacting with the
exit portion of said cam surface means.

3. The machine of claim 1 wherein:

said conveyor means comprises an endless conveyor
means supported for movement along a linear path
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of a predetermined distance,

sald work stations being located at spaced positions.
along said linear path,

cach index cam comprises

12
said index stations being located at spaced positions
along said linear path,
each index cam comprises
a cylindrical member supported for rotation at its

a cylindrical member supported for rotation at its associated station near said conveyor means and
associated station near said conveyor means and located such that its axis of rotation 1s parallel to
located such that its axis of rotation is parallel to the path of travel of said conveyor means at its
the path of travel of said conveyor means at its associated station,
associated station, said cam surface means comprises a slot formed in

said cam surface means extends continuously from 19 the cylindrical surface of said cylindrical member
one end of said cylindrical member to the other for recetving said cam followers carried by each
and comprises In serial order a deceleration por- pallet, |
tion, a dwell portion which extends a predeter- said slot extends continuously from one end of said
mined number of degrees around said cylindrical cylindrical member to the other and comprises a
member 1n a plane perpendicular to the axis of 13 helical entry portion, a deceleration portion, a
saild cylindrical member, and an acceleration dwell portion which extends a predetermined
portion, number of degrees around said cylindrical mem-

said means for driving said index cams in synchro- ber in a plane perpendicular to the axis of said

nism with said conveyor means comprises: "0 cylindrical member, an acceleration portion, and

means for rotating said cylindrical members iIn a helical exit portion having the same pitch as
synchronism with the velocity of travel and posi- that of said helical entry portion,

tion of said conveyor means along said linear said means for driving said index cams in synchro-

path. nism with said conveyor means COmMprises means

4. The indexing machine of claim 3 wherein said cam )e for rotating said cylindrical members in synchro-

surface means comprises: nism with the velocity of travel of said conveyor

an 1nitial constant velocity portion serially ahead of means along said linear path.
said deceleration portion and which 1s helical in 6. The indexing machine of claim 5 wherein said
form, and | means for detaching and attaching said pallets from
a trailing constant velocity portion serially behind ,, and to said conveyor means, detaches said pallets when
said acceleration portion and which is helical 1n their cam followers are in said helical entry portions of
form. said slots of said cylindrical members and attaches said
S. The indexing machine of claim 1 wherein: pallets to said conveyor means when their cam follow-
said conveyor means comprises an endless conveyor ers are 1n said helical exit portions of said slots of said

means supported for movement along a linear path ;. cylindrical members.
of a predetermined distance, | | * % % k%
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